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Abstract 

Recently much controversy has been shed on BICEP 2 experiments 
for the concerning this validity or not and a possible set of new exper¬ 
iments to detect primordial inflation and gravitational waves. Since 
gravitational waves imply the existence of primordial magnetic fields 
in this context, C Bonvin, R Durrer and R Marteens [Phys Rev Lett 
(2014)] have tried to associate the presence of primordial magnetic 
fields to BICEP 2 by making use of CMB tensor modes. Here we show 
that by considering torsion dilatonic lagrangean one obtains cosmo¬ 
logical magnetic fields of the order of B ~ 10~ 10 G which may seed 
galactic dynamos. Actually this new result came out of a mistake of 
a recent paper published by myself in JCAP (2014). These results 
are more in accordance with Bamba results [JCAP (2014)] in the con¬ 
text of teleparallel theory of gravity with Einstein’s distant parallelism 
and torsion. These results also support Einstein-Cartan sort of theo¬ 
ries of gravity from well-known recent data. Another example which 
supports the use of modified gravities with torsion to investigate mag¬ 
netogenesis is the alternative example of using axion electromagnetism 
with transmutation of torsion into axions to obtain cosmic magnetic 
seed bound of 10~ 12 G this lower bound coincides with Barrow et al 
[Phys Rev D (2012)] lowest bound of the interval 10~ 20 G to 10~ 12 G 
for cosmic magnetic fields in Friedmann universes. 

Key-words: Torsion theories, primordial magnetic fields, galactic dynamo 
seeds. 
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1 Introduction 


Earlier Barrow and Tsagas [1] have shown that in the context of GR, FRW 
universes magnetic field can experience superadiabatic growth with B-field 
of the order of B ~ a -1 instead of B ~ a 2 of the adiabatic growth. In 
their case the Maxwell equations is used instead of more general Maxwell s 
equations used to find galactic dynamo seeds [2], Coupling of vector fields 
to spacetime geometry slows down the decay of large scale magnetic field 
in open universe, compared to that seen in perfectly flat models. This re¬ 
sults in a large gain in B-field strength during the pre-galactic era that leads 
to astrophysically interesting B-fields. Seeds around lO'^Ga-uss can sus¬ 
tain galactic dynamos if the FRW universe is dark-energy dominated. It is 
well-known that dynamo mechanism requires magnetic seeds with a collapse 
coherence length of lOOpc. This corresponds to a comoving (pre-collapse) 
scale of approximately 10 Kpc. Here we consider seed fields on curvature- 
torsion scales of 10 Kpc, which from dynamo equation with torsion [3], yields 
a cosmological magnetic field of 10^ 26 Gauss in contrast to the 10 -22 Gcrass 
obtained from cosmic strings [4], If one still uses the constant torsion, and the 
scale of lOKpc the galactic dynamo seed is given by B ~ 10~ 10 G'cmss which 
is only one order of magnitude less than the one obtained for the low limit of 
cosmic magnetic field obtained by K. Pandey et al [5] for primordial magnetic 
field lines using Lya clouds on IK pc scales. To further test the model we 
compute the cosmic magnetic fields in comoving cosmic plasmas with torsion 
and obtain primordial magnetic seeds of the order of B ~ 10 ~ 25 Gauss which 
though is weak is still enough to seed galactic dynamos [6]. Bamba et al [7] 
has recently show that however when one uses a telcparallcl torsion theory 
on a dilaton electromagnetismone obtains a value for cosmic magnetic field 
which is B ~ 10~ 9 G which shows that there is no need of dynamo amplifi¬ 
cation. Here by correcting a recent mistake in JCAP paper [8] one obtains 
results which range between 10~ 5 G and 10~ 10 G which also does not need the 
dynamo mechanism for interestellar medium as confirmed in other theories 
of gravity. As shown recently by Urban [9], large-scale magnetic fields could 
be obtained from QCD axionic dark matter in Minkowskian spacetime. In 
cluster of galaxies for example there exist large scale magnetic fields with 
lCU'G to 10 _6 G' on 10A;pc. More recently Barrow et al [10] have shown that 
in a general relativistic in electrodynamic background, can induce cosmic 
magnetic fields that falls within the interval lO -20 !? to 10“ 12 G which are 


2 



able to seed the galactic dynamo mechanism which amplifies for example 
in the strongest magnetic field seed, 10 6 orders of magnitude to obtain the 
microGauss galactic magnetic fields. Recently we have shown that cosmolog¬ 
ical magnetic fields can be obtained from dilatons in torsioned spacetime [3], 
where axionic terms such as FF where F^ v = e^ ua pF a/3 are absent. Actually 
in the case of previous paper we have a dilaton field in the term / 2 (/)T 2 . 
However formally in that previous paper we also use the torsion vector as 
a gradient of the axion field like in paper by Mielke and Romero [11] which 
however does not address problems of dynamos and cosmological magnetic 
fields. In the present paper we use DKO axionic electrodynamics to obtain 
a seed field of B see d ~ 10 _12 Gcmss which as we have seen above can feed 
galactic dynamos. 

2 Dilatonic electromagnetism with torsion and 
bounds on cosmic magnetism 


From the lagrangean of dilatonic electromagnetism 



(1) 

the corrected formula is 

f = if 

(2) 

where the index over f means derivative w.r.t /. 
becomes 

0 2 = fB 2 

Thus the field equation 

( 3 ) 

which yields 

B ~ /“'To 

( 4 ) 

where To here is the actual terrestrial torsion given in Laemmerzahl [12] given 
by T ~ 1Q~ 17 cmT 1 or 10 _31 (7eR. Here the phenomenological / ~ lO^GeR -1 
and since 1G ~ 10~ 20 GeR 2 which yields 

B ~ 10 _5 G 

( 5 ) 


which is a limit found recently by Yokoyama [12]taking into account the 
virtual pairs and Schwinger effect. If one now take into account another 
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value for torsion for radiogalaxies [13] T ~ 10” 46 GeK one obtains a cosmic 
magnetic field lCC 10 ^ which is intergalactic magnetic held, thus as far as 
these results are concerned no dynamo amplification is needed as in Bamba 
result. New perspectives for the future await a possible finalization of the 
BICEP 3 undergoing experiment and its final data. 


3 Magnetogenesis in axionic electrodynamics 
with torsion 


Recently DKO have obtained an axionic electrodynamics in Riemann-Cartan 
spacetime with torsion where torsion vector shall be constrained by the gra¬ 
dient of the axion held which strongly suppress some effects of the DKO 
axionic electrodynamics, potential T where torsion vector is given by the 
gradient of the torsion potential as T = V^. DKO theory has a double de¬ 
gree of freedom of torsion from the dynamical point of view, and torsion can 
be transmutted to an axion. Actually QED can transmute torsion into an 
axion. Without digging into the effects for string theory we simple start from 
the DKO axionic electrodynamics throughout the equation of the coupling 
of axions to photons 

= 2A (6) 


where V is the Riemann-Cartan covariant derivative. Here A = 


U* 71 


Now 


let us drop the idea of curved spacetime and imagine that our geometrical 
background is only given by a Minkowski spacetime endowed with torsion. 
Thus the covariant derivative operator becomes 


= d p + T p (7) 

Substitution of this covariant expression into the equation 1 yields 

8^ + T P F^ = 2A[c^ + T^ p °F pa (8) 

By rescaling the axion held as (j) —» ln(j) and dropping the tilde in (j) one may 
define the torsion as 

T fl = -d^lncf) (9) 

Here T ~ 10 _17 cm _1 is obtained by C Laemmerzahl [14] from Hughes-Drever 
experiment. Therefore with this trick we turn the DKO axionic electrody¬ 
namics into Maxwell like equations in Minkowski spacetimes endowed with 
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torsion the only difference being that now torsion is still transmutted into 
axions and interact indirectly with photons. Thus the homogeneous DKO 
equation becomes 

d ll F l,v + T) l F llv = 0 (10) 

Let us now write down these expressions in terms of the vector components 
of electric and magnetic fields 

VxB + TxB = 0 (11) 

V.E + T.E = 0 (12) 

Dimensionally the last equation reads 

T ~ L~ l (13) 

where L is the coherence length of the magnetic held. From equation (11) 
one obtains the solution 

Be; = B seed e TL (14) 

where Bq is the galactic dynamo fixed by observations as 10 _6 G and since 
torsion is very 10 kpc the seed magnetic held able to seed galactic dynamo is 
given by 10 _12 (j from torsion contribution which coincides with the highest 
cosmic magnetic held bound. The future prospects involve solving the com¬ 
plete set of DKO equations in full detail in the non-homogeneous case which 
includes the axion coupling as well. 

4 Conclusions 

The issue of origin of cosmic magnetic held has been a matter of contro¬ 
versy specially in terms of torsion. Recently K Bamba et al [7] has shown 
that by using a special type of gravity theory of torsion earlier called by 
Einstein by the name teleparallelism. one could obtain interstellar magnetic 
hclds without the use of dynamo mechanism. In this paper we show that 
weaker magnetic helds than the interestellar ones can do be generated by 
dynamo mechanism which generates the galactic magnetic helds observed 
in our galaxies, this was possible fro DKO axionic electrodynamics [?]with 
torsion. 
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